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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This application is a continuation-in-part of US 
Patent Application No. OB/549,1 04 filed on October 27, 
1995, on behalf of S. Dana Seccombe and assigned to 
The assignee of the present application. The present in- 
vention relates generally to the field of inkjet printing 
and, mors particularly, to Ihe delivery of inkto inkjet print 
heads. 

[0002] Inkjet technology is relatively well developed. 
The basics of this technology are described by W.J. 
Lfoyd and H.T. Taub in ■Ink-jet Devices," Chapter 13 of 
Output Hardcopy Devices (Ed. R.C. Durbeck and S. 
Sherr, Academic Press, San Diego. 1 98fl) and in various 
articles in the Hewlett-Packard Journal, Vol. 36, No. 5 
(May 19B5), Vol. 39, No. 4 (August 1 988). Vol. 39, No 5 
(October 19B8), Vol 43, No. 4 (August 1992), Vol. 43, 
No. 6 (December 1992) and Vol. 45, No. 1 (February 
1994). 

[0003] The typical thermal InkJet print head has an ar- 
ray of precisely formed nozzles attached to a prim head 
substrate that incorporates an array of firing chambers 
that receive liquid Ink (i.e., colorants dissolved or dis- 
persed in a solvent) from an Ink reservoir. Each chamber 
has a thln-nim resistor, known as a "firing resistor - , lo- 
cated opposite the nozzle so ink can collect between it 
and the nozzle. When electric printing pulses heat the 
thermal Inkjet firing resistor, a small portion of the ink 
near it vaporizes and ejects a drop of ink from the print 
head. The nozzles are arranged In a matrix array. Prop- 
erly sequencing the operation of each nozzle causes 
characters or images to form on Ihe paper as Ihe print 
head moves past the paper. 

[0004] Air that is trapped In print cartridges has be- 
come an increasingly troublesome problem. In the past 
the accumulation of air In print cartridges was mainly ig- 
nored because the cartridges were large and could eas- 
ily warehouse the air and because the cartridges had 
short operating lives and significant amounts of air did 
not accumulate. However, in today's advanced print car- 
tridge designs the passage ways, particle filters, orific- 
es, and conduits have become smaller and smaller. With 
these smaller dimensions air and air bubbles tend to 
block the flow of ink through the print cartridge and 
cause the nozzles not to eject ink. This leads to failure 
of the print cartridge and to require its premature re- 
placement. 

[0005] Air becomes entrapped in print cartridges from 
a plurality of sources. Initially afr is present because it 
was not lully purged during manufacturing. Secondly, air 
bubbles may have been present during assembly In the 
ink tubes connecting the print head with the ink reser- 
voir. After manufacture and for the life of the print car- 
tridge, any dissolved air in the ink comes out of solution 
as bubbles. Further, air permeates Into the print car- 
tridge through the ink containment materials, Finally, in 



Some circumstances air may be ingested into the print 
cartridge through the nozzles. 
fQOOq For a myriad of reasons the presence of air and 
air bubbles in InkJet print cartridges, which was previ- 
* ouely ignored now dictates thai air management be- 
come one of the factors influencing modern Inkjet car- 
tridge design. 

[0007] One system for removing air from an inkjet 
print cartridge is described in US Patent 4.965,998 to 
ro Allen issued on November 6, 1990. 

SUMMARY OF THE INVENTION 

[0008] Briefly and In general terms, an apparatus ac- 
15 cording to the present Invention includes a predeter- 
mined collection area for air within a print cartridge. Air 
is removed from this area by a condultthat draws off Ihe 
air eilher through the prinl h&ad or through a conduit in 
a wall of the print cartridge, A method according to the 

20 present Invention includes the steps of collecting me air 
in a predetermined area, removing the air using the con- 
duit, and replacing the air being removed with ink. 
[0009] In another embodiment, an apparatus accord- 
ing to the present invention includes a first conduit in 

25 fluid communication with the air collection area and a 
second conduit in fluid communication with the ink flow 
path. The apparatus further includes means for shifting 
between the firs; and second conduits so that air from 
the collection area is removed from the print cartridge 

&> through the first conduit and ink is directed through the 
flow path in the print cartridge through the second con- 
duit. 

[001 0] Other aspects and advantages of the Invention 
will become apparent from the following detailed de- 
& script ion, taken into conjunction with the accompanying 
drawings, illustrating by way of example the principles 
of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[0011] Figure 1 is a diagrammatic, perspective view 
of an InkJet printer according to the present invention. 
[0012] Figure 2 Is an exploded, perspective view of a 
portion of the print cartridge of Fig. 1 . 

& [001 3] Figure 3 is an exploded, perspective view of a 
second portion of the print cartridge of Pig. 1 . 
[001 4] Figure 4 is a side elevation view, "m cross sec- 
tion taken along linos 4-4 and 4'- 4' in Figs. 2 and 3 
respectively, illustrating the normal operating position of 

50 the pressure regulator 

[0015] Figure 5 Is a side elevation view, in crose sec- 
tion taken along lines 4 - 4 and 4'- 4' in Figs. 2 and 3 
respectively, illustrating the opening of the orifice of the 
pressure regulator to allow the entry of Ink into the houe- 

ss ing of the print cartridge. 

[0016] Figure 6 is a side elevation view, in cross sec- 
tion taken along lines 4-4 and 4'- 4' in Figs. 2 and 3 
respectively, illustrating the accumulator accommodat- 
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ing changes in the volume of ink. 
[0017] Figure 7 is a side efevatfon view, in cross sec- 
tion taken along lines 4 - 4 and 4*- 4' in Figs. 2 and 3 
respectively, illustrating the service station drawhg air 
down the snorkel and oul of the prim head. s 
[001 8J Figure 9 is a side elevation view, in cross sec- 
tion taken along lines 4 - 4 and 4'- 4' in Figs. 2 and 3 
respectively, illustrating the service station drawing air 
down the snorkel and out of the print head as the orifice 
of the pressure regulator opens to allow the entry of ink io 
into the housing of the print cartridge. 
[0019] Figure 9 is a side elevation view, in cross sec- 
tion, of a print cartridge according to an aftemative em- 
bodiment of the present invention. 

[0020] Figure 1 0 is a side elevation of an alternative m 
embodiment, in cross section essentially taken along 
lines 4-* and 4'-4' in Figures 2 and 3 respectively, illus- 
trating a service station providing pressure to a dia- 
phragm to force accumulated air out of the printhead as 
the orifico of the pressure regulator opens lo allow the 20 
entry of ink into the housing of the print cartridge. 
[00213 Figure 11 is a portion of the side elevation of 
Fig. 8 illustrating the use of a non-emitting nozzle to en- 
able the rcmovaJ of air. 

[0022] Figure 12 Is a portion of the sTde aJevation of 25 
Fig. B illustrating the use of a non-emittfng nozzle in the 
cartridge body coupled to an independent plenum and 
snorkel to enable the removal of air. 
[0023] Figure 1 3 is a portion of the side elevation of 
Fig- a the use of a non-emitting nozzle in the printhead 30 
coupled Lo an independent plenum and snorkel to ena- 
ble the removal of air. 

DETAILED DESCRIPTION OF THE INVENTION 

35 

[0024] As shown in the drawings for the purposes of 
illustration, the invention is embodied In a method and 
apparatus for removing air from a print cartridge using 
a conduit in fluid communication with a predetermined 
collection area for air in Lhe print cartridge. 40 
[0025] Referring to Fig. 1 , reference numeral 1 2 gen- 
erally Indicates a printer including a print cartridge 14 
that ejects drops 16 of ink on command. The drops form 
Images on a printing medium 18 such as paper. The 
printing medium is moved laterally with reepect to the *s 
prim cartridge 1 4 by two print rollers 20. 20' and a motor 
21 that engages the printing medium. The print cartridge 
is moved back and forth across the printing medium by 
a drive belt 23 and a motor 24. The print cartridge con- 
tains a plurality of firing resistors, not shown, that are 50 
energized on command by an electrical circuit 26. The 
circuit sequentially energizes the firing resistors in a 
manner so that as the print cartridge 1 4 moves laterally 
across the paper and the paper moved by the rollers 20, 
20", the drops 1 6 form images on the printing medium ss 
18. 

[002G1 Referring to Fig. 1 , ink is supplied to the print 
cartridge 14 From an ink reservoir 30. The ink reservoir 



is stationary and may be either flaccid or pressurized. 
The ink is supplied from lhe reservoir by an integral con- 
nector S2 that Is removably attached to a conduit 34 by 
a double acting valve 36. The connector 32 aJfows the 
reservoirto be replaced when the ink supply is exhaust' 
ed. The ink in the reservoir is maintained at a pressure 
sufficient to maintain the flow or ink through the conduit 
34 necessary to meel the maximum Ink flow require- 
ments of the print cartridge (which could be from -20 
inches to +100 inches of water). This pressure also de- 
pends on the diameter and length of the conduit 34. The 
conduit has a generally helical shape to accommodate 
the motion of the print cartridge 14 With respect to the 
ink reservoir 30. When the connector is separated from 
the conduit, the double acting valve 36 simultaneously 
shuts both openings so thai air is not ingested into the 
system. Likewise when the connector is fitted to the con- 
duit, the double acting valve simultaneously opens both 
lhe connector 32 and the conduit 34 to allow fluid com- 
munication of the ink between the ink reservoir 30 and 
me print cartridge 14 without ingesting air into the sys- 
tem. 

[0027] The conduit 34, Fig. 1 terminates in a particle 
filter 37 that collects any materiaf that could clog the print 
cartridge 1 4 during operation. The filter Is located on the 
high pressure side of the ink pressure regulator so thai 
if any air is ingested in the reservoir 30, at the doubte 
acting valve 36 or in the conduit 34. the higher pressure 
will force the air to flow into the print cartridge and not 
become caught up in the filler and impede the ink flow, 
[0028J The printer 12, Fig. 1 , also Includes a service 
station 40 that can draw a vacuum on the nozzles, not 
shown, on the print cartridge 14, or alternatively, pres- 
surize lhe print cartridge. The service station includes a 
delormable cup 42 that engages and seals against the 
nozzles. In ono embodiment, the cup is connected to a 
source of vacuum 44 by a valve 45. The service station 
operates by dlraciing the prim cartridge 14 over the cup 
42 where a vacuum in drawn on the nozzles and tho ink 
is sucked through the nozzles and out of the prbil car- 
tridge. 

[0029] The print cartridge 1 4 of Fig. 1 is shown in two 
exploded views in Figs. 2 and 3. The print cartridge in- 
cludes a top pfate 47 that is formed from two contiguous, 
overlapping flat panels 50, 50'. The panels form an in- 
terior holtow passage 54 for the ink within the top plate. 
This passage receives an intake tube 46, terminates at 
an oriiice 49, Fig. 5, and distributes ink into the print car- 
tridge. The upper panel 50 of the top plate contains a 
small vent S3 that communicates with the atmosphere. 
The lower panel 50* contains circular openingSI of sub- 
stantially larger diameter. Sandwiched and sealed be- 
tween the panels 50, 50' is a diaphragm 52 that forms 
a fluid light seal across the circular opening 51, Fig 5. 
The peripheral margin of the diaphragm 52 is thereby 
sealed against both air and ink. The diaphragm can be 
fabricated from either thin polyethylene plastic or poly- 
vinyldene fluoride so that the cfephragm is impervious 
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to both air and ink. The diaphragm is deformable and 
flexible and may bo either resilient or not. When a pres- 
sure diflerence is developed across the surface of the 
diaphragm, the diaphragm expands into the print car- 
tridge as illustrated in Figs. 4 -6. The upper side of the 
diaphragm h continuously exposed to atmospheric 
pressure through the vent 59. 

10030] Referring to Figs. 2 and 5. reference numeral 
60 generally indicates a pressure regulator that sup- 
ports the diaphragm 52 and regulates the pressure or 
ink supplied into the print head 14. Tne pressure regu- 
lator includes a lever 62 that rotates about an axle 64 
that is supported from two supports 66. The supports 
are mounted on the underside of the lower panel SO'of 
the top plate 47. The lever also includes an integral arm 
68 that contains a valve seat 70 for the Ink orifice 49. 
Tne valve seat is a flattened, planar surface of room 
temperature vulcanizing silicone (RTV) and is counter 
sunk into Ihe surface of the integral arm 69. The lever 
is align cd so that when the lever 62 is parallel with tne 
pfane of the top plate 47, the valve seat 70 is seated and 
ink orifice 49 Is thereby shut as illustrated in Fig. 4. 
[0031] The lever 62, Fig, 2, engages the diaphragm 
52 with a piston 75 and an accumulator spring 74. The 
accumulator spring 74 is mounted in a circular depres- 
sion 72 in the lever so that Ihe spring does not move off 
of the lever 62. The piston is attached to the spring 74 
and is held in place by a peripheral, concave engaging 
surface 76. Referring lo Figs. 4, 5, and 6, the accumu- 
lator spring 74 is designed so that a differentia! pressure 
across Lhe diaphragm 52 can cause the diaphragm to 
flex and the piston 75 to move reciprocally up and down 
without moving the lever 62 and opening the Ink inlet 
valve 49, 70. In Fig. 4 the Diaphragm 52 is contracled 
slightly downward or is more concave in shape. In Fig. 
5 the diaphragm is contracted slightly upward or is more 
planar in shape. The illustrated motion shows a portion 
ol the wall of the ink conlainment moving and pushing 
any air bubbles that may be present toward the air co\- 
lection area 98 of the print cartridge. This is an important 
aspect of air management within Ihe print cartridge. 
10032] In Fig. 5 the ink Valve 49, 70 opens when the 
piston 75 is forced sufficiently downward by the dia- 
phragm to bottom out against the lever 62 and to me- 
chanicaJly cause its motion. The fever 62 Is supported 
within the print cartridge 14 by a pressure setting spring 
76. The pressure setting spring 7B is designed so thai 
its force on the lever 62 is equal to the opening force or 
cracking force on the Ink valve 49, 70. The pressure 
thereby developed is P0 or the cracking pressure of the 
regulator. The force of the pressure setting spring is set 
to be equal to the area of the diaphragm £2 that is un- 
covered by lhe opening 51, Fig. 2, multiplied by the pres- 
sure difference between atmospheric pressure and the 
pressure of the ink supplied to the print head 86, Fig. 5. 
Typically, this differentia! pressure is approxfrnately mi- 
nus three inches (-3°) of water, The pressure setting 
Spring 78 is also preloaded so that the force on the lever 
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62 essentially constant over the travel of the lever. Such 
a constant spring force causes the motion of the lever 
to be large for any given change in the cracking pres- 
sure. In other words, a small change in pressure will 
cause a large movement in the lever. The net result is 
that when the valve seat 70 is moved off the vaiVe nozzle 
49 by a distance equal to approximately the radius of 
lhe nozzle 49, the valve will open to full flow condition. 
[0033J Referring to Fig. 3, the print cartridge 14further 
includes a housing B2 that receives the top plate 47 in 
a step 83 formed In the end of the side walls of th a hous- 
ing. The housing and the top pfate together comprise 
the ink containment for the print head 86. The ink con- 
tainment includes a main ink chamber 85 and a plenum 
91 described below. The Ink containment as well as the 
conduit 34, Fig. 1 , and the ink reservoir 30 are fabricated 
from materials that are impervious to both air and ink 
such as polysulphone, polyvinyldene fluoride, and liquid 
crystal polymers. 

[0034] In the bottom wail of the housing S2 are a plu- 
rality of ink feed slots 04 that allow the ink lo flow to the 
print head 86. The print head is a semfconductor sub- 
strata on to which are placed the firing chambers, the 
firing resistors, and the orifice plate in the conventionaJ 
manner. The print head Is mounted on a flexible con- 
ductor B7 by tab bonding and electrical signals to the 
firing resistors are established through the conductors 
S8, Figs. 1 and 3. When the print head is ejecting drops 
of ink, it is in effect pumping the ink out of the print car- 
tridge and the pressure regulator 60 strives to develop 
and maintain a pressure P0. In the plenum, due to flow 
induced pressure drops, a lower pressure of PI exists 
(slightly more negative that P0). 
10035] The print cartridge 1 4 is designed to entrap and 
to warehouse any air in the cartridge In the area 98. Air 
and air bubbles ri3e vertically to the top of the print car- 
tridge to the predetermined area 38. Air is thus stored 
in an out of the way location so that air and air bubbles 
do not interfere with the flow of ink dunhg printing. 
[G03G] Referring lo Fig. 3, reference numeral 00 gen- 
erally indicates a priming assembly for removing air from 
the Interior of the print cartridge 1 4. The priming assem- 
bly includes four side walls 92 and a top waif 93 that 
form a plenum 91 around the print head 86. These walls 
also support the pressure setting spring 78 above the 
bottom wall of the housing 82. The lop wall 93 includes 
two conduits that both communicate wiLh the plenum 91 . 
One conduit Includes a flow orifice 94 and communi- 
cates between tho main ink chamber 85 and the plenum 
91 . The other condu it is a snorkel 95 with an inlet 96 that 
connects the plenum 91 with an area 98 in the print car- 
tridge where air is collected. The flow orifice 94 is sized 
so thai during all printing operations lhe ink flows to the 
print head 86 through the orifice 94 and not through the 
snorkel 95. The orifice Is sized so that when printing at 
maximum ink flow, ihe orifice has a pressure drop 
through it that Is less than the height L of the snorkel 95. 
In one embodiment actually constructed the flow orifice 
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94 had a diameter of forty thousands of an inch (0,040") 
and Ihe snorkel 95 hadan inside diameter of eighty thou- 
sands of an Inch (0.080"). 

[0037] The priming assembly 90, Fig. 7, also includes 
the service station 40 described above which can en- 
gage and seal the print head 86. The service Station de- 
velops a differential pressure P2-P0 across the plenum 
and draws ink out through Ihe print head 86 at a much 
higher flow rata than during any printing operation. The 
flow orifice 94 is sized so that under mis high ink flow 
condilion. such a large pressure drop is developed 
across the flow orifice 94 that the ink and air in the top 
area 98 of the print cartridge are drawn down the snorkel 

95 and out the print head 86 as Illustrated In Fig. 7. 
[0036] In operation, the ink reservoir 30, Rg. 1 and 
the print cartridge 14 are initially filled with ink and 
soared. The ink conduit 34 may or may not be filled with 
ink. To begin, Ihe ink reservoir 30 is connected to the Ink 
condu it 34 by the double acting valve 36, When the print- 
er 12, Fig. 1, commands the print cartridge 14 to com- 
mence ejecting drops 16. Fig. 1, ink flows through the 
conduit 34 and any air in the conduit flows into the print 
cartridge and becomes trapped in the top area 99 of the 
housing. As illustrated in Fig. 4, at this point the print 
cartridge has a slight air bubble 93 In the top of the hous- 
ing, the ink orifice 49 is shut by the lever 62, the dia- 
phragm 52 is slightly concave, and any ink flow to the 
print heed S8 is passing through the flow orifice 94. 
[0038] As the print head 96, Fig. 5 continues to eject 
drops of Ink on command Irom the printer, the pressure 
or tho ink in the print cartridge 14 starts lo drop. The 
differential pressure across ihe plenum 91 goes more 
negative. The diaphragm 52 becomes more concave 
due to difforenlial pressure between atmospheric pres- 
sure in the vent 53 and the pressure in the main in cham- 
ber B5. This drop in pressure continues until the piston 
75, fig. 5, bottoms out against the lever 62 and then the 
diaphragm forces the plslon to move the lever and to 
Open the orifice 49 as illustrated in Fig. 5. This is rota- 
tional motion of the lever 62 around the axle 64, Fig. 5. 
The point at which the orifice 49 opens is the "cracking 
pressure* and is determined by the pressure setting 
spring 78, Ink then flows Into the prbrtf cartridge 1 4, the 
pressure is in the print cartridge ie restored, and any air 
is collected in the area 98. When the differential pres- 
sure across the diaphragm 52 decreases due to the in- 
flow of the ink, the piston 75 allows the fever to shut the 
orifice 49 and the flow of ink into the print cartridge stops. 
[0040] In the immediately above described process, 
the ink flow path through the prim cartridge is firsl inlo 
the intake 48 of the top plate 47, Fig. 2, through the pas- 
sage 54, Fig. 2, out tho orifice 49. Fig. 5, into the main 
ink chamber 95, through the flow orifice 94, into the ple- 
num 91 , and out the print head B6. 

[0041] If the temperature of the print cartridge goes 
up due, Tor example, to operation of the print head, this 
coukJ cause either the pressure of the air in the housing 
82 lo rise or the volume of air to Increase. As discussed 



above, a wail portion of the ink containment moves to 
accommodate this increase in temperature. The dia- 
phragm 52 flexes upward as illustrated in Fig. 6 and be- 
comes more planer to maintain the pressure Within the 
s housing constant. If there is a decrease in temperature, 
the diaphragm flexes downward and becomes more 
concave to mainlain constant pressure. This is relative 
motion between the piston 75 and Ihe lever 62 and is 
permitted by the accumulator spring 74, The lever 62 
10 remains stationary and is unaffected by such tempera- 
ture excursions. 

[0042] To remove air trapped In the top area AS of the 
print cartridge 14, the print cartridge Is purged using the 
service station 40. Referring lo Figs. 7 and 8, a source 

^ 44 Of vacuum is appOed to the nozzles of the print head 
86, a pressure P2 is developed In the plenum 91, and a 
very high ink flow rate is induced through the print car- 
tridge, Any air in the print cartridge is drawn down the 
snorkel 95 as illustrated in Fig. 7 instead of through the 

so flow orifice 94 because of the small size of the flow ori- 
fice and the large pressure drop across il. The volume 
of air drawn down the snorkel and out of the housing is 
replaced by a fluid volume of ink because the differential 
pressure in the housing drops and the orifice 49 opens 

& as illustrated in Fig. B. Trie resuft Is lo rapidly prime the 
print cartridge with ink and lo remove the air from the 
system. 

[0043] In the immediately above described process, 
the flow path of air and ink is from the predetermined air 
■30 collection area 98, through the inlet 96, down the snorkel 
95, into the plenum 91, oul Ihe print head 86, and inlo 
the service station 40. 

[0044] It is contemplated that while there are a plural- 
ity of ways to remove air from the system using a source 

55 of vacuum, care should also be taken to minimize the 
amount of ink removed during the air removal process. 
Any excess ink so removed is ink unavailable for print- 
ing, andany inkso removed now needs itself to be ware- 
housed. To minimize the removal of ink while removing 

40 air, a piston can be applied lo the nozzles to draw down 
only a predetermined volume of the print cartridge. This 
would automatically limit the volume of ink and air re- 
moved from the print cartridge. As an alternative the 
source of vacuum could be timed With either a cam or 

45 clock to limit the application of vacuum to the nozzles. 
[0045] It should be appreciated that there is a first 
conduit, the snorkel 95, Fig. 4, that communicates with 
the predetermined collection area 98 for air and a sec- 
ond conduit that contains the flow orifice 94 which com- 

& municates between the main Ink chamber 85 and the 
plenum 91 . Further, when a differentcar pressure PI - P0 
is developed across tho plenum by the pressure regu- 
lator 60 and the print head 86, ink is directed through 
the ink flow path in the print cartridge including the sec- 

5 s ond conduit When a differential pressure P2 - PO is de- 
veloped across the plenum by the service slabon 40, 
Fig. 7. air from the collection area is removed from the 
print cartridge through the first conduit. Thus, by seleo- 
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tlvely altering the differentia] press ure across the ple- 
num 91 between P1-P0 and P2-P0, the flow of fluid within 
the print cartridge is selectively shifted between Ihe first 
and second conduits. 

[0046] Referring to Fig. 9. reference numeral 1 4' gen- * 
©rally indicate© an alternative embodiment of the 
present invention. The conduit that communicates with • 
the p redetermined air collection area 98 is a conduit 1 02 
that passes through a wall of the main ink chamber 85. 
This conduit contains a check valve 1 04 or "duck billed* 10 
valve that prevents the entry or air into the print car- 
tridge, This conduit aiso is ccnnectable to a source 44' 
of vacuum for drawing off Ihe air from the air collection 
area. 

[0047] Heferring to Fig. 10, a pressurizing unit 10l is « 
coupled to the vent 53 of the print cartridge In a second 
alternative embodiment A second deformable cup 103 
is applied to the print cartridge and a source of pressure 
105 ia directed through a valve 107 to the vent 53. This 
positive pressure is applied to the "reference" side of the 
diaphragm 53, which responsively expands into the print 
cartridge as shown in Fig. 10. The piston 75 is forced 
against the pressure setting spring 78 and contacts the 
regulator 60. Since the pressure generated by the 
source of pressure 105, P3, is greater than the cracking 2S 
pressure, P0, of tho pressure Betting spring 78, the lever 
62 of the regulator rotates about the axle 64 and sepa- 
rates the valve seat 70 from the ink orifice 49. Ink flows 
into the print cartridge and the pressure inside of the 
prinl cartridge is increased to a pressure P3, sufficient so 
to force ink and trapped air within Hie print cartridge out 
of the nozzles and into the service station cup 42. 
[0048] To avoid leaving air in one or more nozzles or 
the ink Channels leading lo the nozzJes (thereby deprinv 
Ing the nozzles and resulting in their inability to eject Ink & 
when printing), ono embodiment of a printhead is 
equfaped with additional non-emitting nozzles having 
larger orifice than the ink ejecting nozzles. For example, 
the non-emitting nozzle orifice can have a diameter 2 
times the emitting nozzle orifice diameter. In the embod- 40 
iment employing vacuum to remove trapped air, the noz- 
zle pressure of the non-emitting nozzles would be re- 
quired to be lower (closer to zero) than the Ink ejecting 
nozzles. Nearly all of the air that would otherwise dap- 
rime the mk ejecting nozzles flows through the non-emit- 4S 
ting nozzles, thereby reducing the possibility of ink eject- 
ing nozzles being deprimed. The non-emitting nozzles 
would Ultimately serve as a check valve, keeping the in- 
side of the Inkjet cartridge Isolated from ambient air. 
While it is desirable to have the non-emitting nozzles In go 
the printhead, H is a realizable aftemative to create the 
non-emitting nozzles in the body of the print cartridge 
naarthe printhead and in a location such that the service 
station cup 4£ encompasses the non-emitting nozzles 
109, as illustrated in Figs. 11 and 13 ss 
[0048] In another implementation the plenium 91 is ar- 
ranged to cover only the non-emiufng nozzles (whether 
on the prlnth ead or adjacent to it). In this implementation 



only ink is extracted through the printing nozzles, (via 
the pump 44 and cup 42; or alternatively by virtue of ap- 
plying air pressure lo vent 53. opening the regulator 
valve). Such an implementation Is shown in Fig. 12, 
whsre the plenum 91 contains a small orifice 1 1 3 (in the 
preferred embodiment having an orifice diameter of 
0.040 inch) to equilibrate fluid heights when the print 
cartridge is not being primed and to keep the non-emit- 
ting nozzles 115, 117 wet so they act as a check valve. 
The snorkel 95 is coupled lo the plenum 91 as previously 
described. 

piOSo] In normal printing operation the emitting noz- 
zles are fired as commanded but the snorkel 95 and the 
plenum 91 do not participate the non-emitting nozzles 
115, 1 1 7 are full of ink and their capiffary pressure keeps 
air from being sucked back Into the cartridge body. Dur- 
ing priming, the cup 42 covers both sets of nozzles and 
a vacuum fs applied (or alternatively, pressure is appfied 
to 53, opening the regulator valve and pressurizing the 
pen chamber 85), Any air reachable by the snorkel 95 
is rapidly removed and replaced by ink. Before Ihe nor- 
mal nozzles have access to air, the pen refills with Ink, 
flJOSI] Fig. 13 iirustrates the use of the isolated ple- 
num technique of Fig. 12 as applied to the printhead- 
located non-emitting nozzles. An opening 11 9 couples 
the plenum 91 to the non-cmfttfng noz2les (not shown) 
of printhead 86. Again, when a vacuum is applied (or 
pressure exerted) air Is removed by way of the non-emit- 
ting nozzles and the Snorkel rather than by the emitting 
nozzles. 

[0052] Although specific embodiments of the inven- 
tion have been described and illustrated, the invention 
is not be limited to the specific forms or arran gement of 
parts so described and illustrated herein. The invention 
is limited only by the claims. 



Claims 

1. An Inkjet system, including an ink reservoir (30) 
coupled to an InkJet cartridge (14) and having ap- 
paratus tor removing air from the inkjet cartridge, 
comprising: 

an inkjet cartridge housing (92) having a plural- 
ity of chambers for containing liquid ink therein: 
a print head (86) mounted to a bottom region of 
said housing; 

a first ink chamber (85) within said housing hav- 
ing a predetermined collection area for air with- 
in said housing at a top region of said first Ink 
chamber; 

a second ink chamber (91 ) within said housing 
forming a plenum adjacent said first ink cham- 
ber and flukficaDy connected to Bald first cham- 
ber for receiving ink therefrom; 
a conduit (95) mounted within said housing and 
coupling said plenum with said air collection ar- 
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ea by having a flrsl end reaching into said ple- 
num and a second end within said air colleciion 
area; and 

a pressure source (101). selectively engagsa- 
ble with the housing for driving tfie air from the S 
collection area so thai air is removed Irom the 
cartridge. 

2. The system of claim 1 wherein safd pressure source 
further comprises an air forcing means. to 

3w The system of claim 2 comprising: 

the air forcing means removed air from the 
cartridge by forcing the air through tho print head. 

15 

4. The system of cfaim 2 comprising: 

the air forcing means removes air from the 
cartridge by forcing air through al least one orifice 
disposed in the housing of the cartridge 

so 

5. The system of claim 2 comprising: 

the air forcing means further comprises a 
service station connectabJe to the print head for ap- 
plying an air pressure Ihereon. 

25 

6. An apparatus for removing air from an ink|et print 
cartridge (1 4) having an inkflow path therethrough, 
comprising: 

a first ink accumulation chamber (Bs) within so 
said cartridge having means (or receiving ink 
therein; 

a second ink accumulation chamber (31) sub- 
jacent said first ink accumulation chamber; 
a predetermined collection area for air within 35 
said first ink accumulation chamber, said print 
cartridge having a pressure, PO, therein; 
a vertical conduit (95) of a predetermined 
height, L, mounted within said cartridge and 
having an inlet in communication with said air 40 
collection area at a vertical conduit first end ex- 
tending into sard air collection area; 
an aperture <94) between said first ink accumu- 
lation chamber and said second accumutetion 
chamber in said ink flow path, sard aperture 45 
having a predetermined geometric configura- 
tion such that pressure drop across said aper- 
ture under a maximum inkflow condition during 
printing is less than a pressure head deter- 
mined by the predetermined height of the ver- So 
tteal conduit; 

a print head (96) mounted on said cartridge and 
connected to the second ink accumulation 
chamber for pumping ink through the flow path 
in Ihe print cartridge, a first differential pres- 55 
sure, P1-PO. is developed across the second 
ink accumulation chamber for the print head; 
and 
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pressure producing means (101), rateasably 
engageable with the first ink accumulation 
chamber, for developing a second differential 
pressure. P3-P0, across the second ink accu- 
mulation chamber so that when said first differ- 
ential pressure, P1 -PO, is developed across the 
second ink accumulation chamber, Ink flows 
through the aperture and does not flow through 
the vertical conduit and when said second dif- 
ferential pressure, P9-P0, is developed across 
the second ink accumulation chamber, air is 
forced down the vertical conduit and is removed 
from the flow path. 
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